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Background: In Chile, most of the timber industry depends on Monterey pine (Pinus radiata (D. Don.)) plantations,
which now cover more than 1.5 million ha. In spite of the intensive management of these plantations, they are
home to a large number of wildlife species. One of the least known groups in this type of environment are reptiles.
For this reason, we conducted a study on the distribution and abundance of reptiles at plantations of different ages
in seven sites in the Coastal Range of Central Chile.
Results: From seven species that could be potentially found in the study region, a total of five species were
recorded, with Liolaemus lemniscatus (Gravenhorst) being the most abundant (with up to 160 ind*ha−1).
Detectability of species was similar in young and mature plantations but Liolaemus tenuis (Duméril and Bibron), the
most colorful species, showed a higher detection probability than the other species. The highest abundance of
reptiles was found in young plantations, and the density of L. lemniscatus and Liolaemus chiliensis (Lesson) declined
significantly with plantation development. Liolaemus schroederi (Müller and Hellmich) increased significantly its
numbers in 4- to 5-year-old plantations and remained with similar densities in mature plantations. L. tenuis density
was low in all plantations and showed no relationship with age. The snake Philodryas chamissonis (Wiegmann) was
recorded very few times and only in young plantations. Vegetation characteristics explained a significant proportion
of the variation in the abundance of reptiles, with dense understories negatively affecting the abundance of lizards,
likely by reducing the amount of heat and sunlight reaching the plantation's interior. The type of microhabitats
with the highest number of lizard records was scrub and harvest debris.
Conclusions: This work confirms the role of pine plantations as habitat for an important proportion of reptile
species in South Central Chile and provides some relationships with management variables that can be used to
enhance the contribution of these artificial forests to biodiversity conservation.
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The Chilean timber industry is based largely on Monterey
pine plantations (Pinus radiata D. Don), which cover
more than 1.5 million ha in the country (INFOR 2007).
Although these intensively managed plantations are
considered among the most economically successful forest
systems of the world (Clapp 2001), there is a growing
evidence that the pine plantations of Central Chile
support an important number of wildlife species (Estades
and Escobar 2005; Saavedra and Simonetti 2005).* Correspondence: levsfor@uchile.cl
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reproduction in any medium, provided the origHowever, one of the least studied wildlife groups in pine
plantations are reptiles. Recently, Rubio and Simonetti
(2011) compared the lizard community in a fragmented
Nothofagus forest with that of the surrounding pine plan-
tations. These authors recorded a higher number of
species in plantations than in the native forest, although
the tree-dwelling (Manzur and Fuentes 1979) Liolaemus
tenuis (Duméril and Bibron) was more abundant in the
native forests.
In spite of the physiognomic homogeneity of pine planta-
tions, their structure and composition vary with the stand's
age and management. These variables significantly influ-
ence the development and complexity of the understory,
which is one of the most important attributes defining theis is an Open Access article distributed under the terms of the Creative
mmons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
inal work is properly credited.
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Escobar 2005; Zúñiga et al. 2009; Estades et al. 2012).
In order to contribute to the understanding of the role
of forest plantations in the conservation of wildlife in
Chile, we analyzed the patterns of reptile abundance in
Monterey pine plantations of different ages in the Coastal
Range of Central Chile.
Methods
This study was carried out in seven sites dominated by
Monterey pine plantations in the Coastal Range of
Central Chile (Figure 1, Table 1). This region was origin-
ally covered by deciduous forests of Nothofagus glauca
(Phil.) Krasser (Gajardo 1994) most of which were cut
during the last two centuries, first to provide land for agri-
culture and later, for exotic forest plantations (San Martín
and Donoso 1996).
We assessed the use of pine plantations by reptiles
through 65 4-ha (200 × 200 m) sampling plots in which we
characterized the vegetation and estimated the abundance
of the different species. The distribution of sampling plots
per site, plantation age, and year of evaluation are indicated
in Table 1.
Because of the rapid changes of the vegetation in young
plantations (and the resulting shading), we divided young
plantations into two age classes (1 to 2 years, N = 15 and 4
to 5 years, N = 15) that have clear different structures
(Table 2). Two sites, Melencura-Name and Montezorro,
did not have these age classes (Table 1). The sampled ma-
ture stands (N = 35) were approximately 17 to 18 years
old, 2 to 3 years younger than the normal harvest age.
In each sampling plot, we established four 0.04-ha
(20 × 20 m) subplots in which we thoroughly searchedFigure 1 Geographical location of study sites (numbers refer to
those used in Table 1).for reptiles. The search was conducted by a trained ob-
server who walked slowly and systematically in parallel
lines during 30 min, recording all observed individuals.
We tried to avoid double counts by using as many features
as possible to identify individuals (e.g., amputated tails,
size, color, etc.).
For each detected individual, we visually estimated the
perpendicular distance to the observer's advancement
line at the moment of the first sighting. These data were
used for the construction of detectability curves (Buckland
et al. 2001), necessary for correcting density estimates.
When possible, we classified individuals in age classes
(adult, juvenile, or hatchling). Also, we recorded the
substrate on which individuals were located when first
sighted.
Sampling was conducted only during the summer
(December-February) and on sunny days, before noon.
However, because factors such temperature, wind, etc.,
can significantly affect reptile detectability, we reduced the
latter effect by searching each plot in two different days,
with a maximun of 10 days among visits. Finally, for each
plot, we estimated population density using the average
obtained the four subplots and the two visits (N = 30 in
young plantations and N = 35 in mature plantations).
In order to correct density estimates for detectability,
we divided the raw (observed) values by the detection
probabilities between 0 and the maximum observation
distance (4 m) (Buckland et al. 2001). For each species,
we calculated the detection probability density function
recording the individual observation frequencies in 0.5 m
distance ranges and dividing them by the maximum
frequency in all ranges (setting to 1 the maximum value).
Records in the 0 to 0.5 and 0.5 to 1 m ranges were
averaged to correct for the early escape effect of some
individuals. We used the unmarked package (Fiske and
Chandler 2011) for the latter calculations.
As part of a different study, in each sample plot, we
characterized vegetation in terms of foliage volume (see
Estades and Temple 1999). Although we produced
estimates of the total foliage volume (m3* ha−1) for each
plot (see averages in Table 2), for the present study, we
only used the data for the vegetation under 2 m of
height (i.e., understory). For the analyses, we grouped
different plant species into the following categories: pine
(PINE), hygrophilous (HYGRO), sclerophyllous (SCLER),
and exotic (EXOT) species. We also calculated the total
understory volume (UTOT).
We used a stepwise regression (stepAIC procedure in R)
analysis to study the factors influencing the density of the
different reptile species in the studied plantations. For this
purpose, we used the LN(density + 1) as the dependent
variable and the different vegetation variables as predictors.
We also included latitude (UTMN), distance to the coast
(DCOAST), and evaluation year (YEAR) as covariables.
Table 1 Study sites, with administrative information and sampling effort
Site Locations Company Sample plots (n) Evaluation
yearYoung pine Adult pine
1 Tollo-Guanaco Quirihue - Cobquecura (Biobío) Masisa 6 5 2008-2009
2 Melencura-Name Empedrado (Maule) Celco - 5 2008-2009
3 San Pedro y Las Cañas Las Cañas (Maule) Mininco 6 5 2009-2010
4 Tregualemu Tregualemu (Maule) Masisa 6 5 2009-2010
5 Crisoles-Manantiales-Leonera Coelemu - Dichato (Biobío) Masisa 6 5 2010-2011
6 Quivolgo Carrizal (Maule) Celco 6 5 2010-2011
7 Montezorro Coelemu (Biobío) Celco - 5 2011-2012
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out separately. All analyses were conducted with the R
system (R Development Core Team 2008).
Results
Four lizard species (Liolaemus lemniscatus Gravenhorst,
Liolaemus schroederi Müller and Hellmich, Liolaemus
chiliensis Lesson and L. tenuis) and one snake (Philodryas
chamissonis Wiegmann) were detected during this study.
Figure 2 shows as an example the detection probability
functions (half-normal distribution) for L. schroederi in
adult and young plantations juveniles where the high
resemblance between the two curves is evident. A similar
situation was observed for L. lemniscatus and L. tenuis.
For this reason, for each species, only one detectability
function was used for the different plantations.
Figure 3 compares the detectability curves (half-normal
distribution) for the three species in which the data
allowed their calculation. Because of the limited number
of data, for L. chiliensis and P. chamissonis, we did not
calculate detectability functions. Thus, for the estimation
of the density of L. chiliensis, we used the average of the
correction factors for the other lizard species. The latter
criterion is based on the assumption that, in the absence
of better information, a ‘general’ detectability curve for
Liolaemus lizards (average for three species) will produce
a better estimation than not performing any corrections at
all which, by definition, represents an understimation.
However, we did not apply this criterion to P. chamissonis,
which is morphologically and behaviorally very different
from the other species, and we, therefore, considered its
density as underestimated.Table 2 Vegetation characteristics at different plantation age
Age PINE NATIVE
1 to 2 1,807 (446) 1,644 (350)
4 to 5 12,114 (1,286) 4,668 (647)
17 to 20 44,140 (3,853) 15,992 (1,304)
Mean (standard error) foliage volume (m3*ha−1) of pine (PINE), native (NATIVE), exo
different plantation ages (years).Figure 4 shows the abundance (ind*ha−1 ± 1 SE) of the
studied lizard species in plantations of different ages.
The most abundant species was L. lemniscatus with an
average of more than 160 ind*ha−1 in young plantations.
This density declined significantly (p < 0.05, GLM) to
less than 35 ind*ha−1 in mature plantations (Figure 4).
The second most abundant species was L. schroederi,
whose density increased significantly (p < 0.05, GLM)
from 14 to 50 ind*ha−1 in 4- to 5-year plantations, main-
taining a similar density in mature plantations (Figure 4).
The other species were clearly less abundant. L. tenuis
showed average densities ranging from 5 to 7 ind*ha−1,
but without a trend related to plantation age, whereas L.
chiliensis, showed a pattern similar to that of L. lemnis-
catus, but with densities lower than 5 ind*ha−1 (Figure 4).
P. chamissonis had very few records producing an esti-
mate of 0.2 ind*ha−1 in young plantations and 0 ind*ha−1
in mature stands, although some individuals were
observed out of the sample in these plantations.
Abundances of L. schroederi and L. lemniscatus varied
in relation to some vegetation variables (Table 3). Thus,
in young stands, there was a positive effect of pine foliage
volume on the abundance of L. schroederi, whereas in
mature plantations, this species was affected positively by
the amount of foliage in the understory and negatively by
the foliage volume of exotic species (Table 3). The abun-
dance of L. lemniscatus in young plantations was negatively
associated with foliage volume in the understory. Finally,
species richness (species/plot) was positively affected by
pine foliage volume in young plantations and negatively by
the foliage volume of exotic plants in mature plantations
(Table 3).s
EXOT HYGRO SCLER
2,332 (541) 311 (129) 365 (162)
13,472 (1,255) 1,025 (379) 842 (230)
45,589 (3,984) 5,100 (565) 4,574 (618)
tic (EXOT), hygrophilous (HYGRO) and sclerophyllous (SCLER) species at
Figure 2 Detection probability density functions (half-normal distribution) for L. schroederi in (A) mature and (B) young plantations.
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classified in an age class were adults, and the proportion
between age groups did not vary between plantation
types. The juvenile/adult ratio in L. lemniscatus was 0.38
(136/359) in young plantations and 0.42 (35/82) mature
stands (χ2 = 0.17, P = 0.68). In the case of L. schroederi,
this ratio was 0.53 (39/73) in young plantations and 0.37
(45/117) in the mature ones (χ2 = 1.23, P = 0.27). For
L. tenuis the proportion was 0.35 (6/17) in young stands
and 0.45 (9/20) in mature plantations (χ2 = 0.01, P = 0.92).
Finally, we recorded only 20% of juveniles (3/15) of L.
chiliensis during this study.
In young plantations, L. lemniscatus was recorded
mostly on the ground (Figure 5A), as opposed to L.
schroederi (χ2 = 91.2, P < 0.001) and L. tenuis (χ2 = 31.9,Figure 3 Comparison between detectability curves (half-normal
distribution) of L. lemniscatus, L. schroederi, and L. tenuis.P < 0.001) that used mostly shrubs and harvest debris as
their main substrate (Figure 5A). There were no significant
differences in the substrate use pattern of L. schroederi and
L. tenuis (χ2 = 1.4, P = 0.49) (Figure 5A). In mature stands,
patterns were similar, with a higher presence of L. lemnisca-
tus on the ground and a lower use of shrubs and pruning
debris (Figure 5B) than L. schroederi (χ2 = 18.6, P < 0.001)
or L. tenuis (χ2 = 29.5, P < 0.001). However, there were
differences between L. schroederi and L. tenuis because the
latter showed a significantly lower frequency of records on
the ground (χ2 = 15.5, P < 0.001) (Figure 5B). Because of
the low number of records, no assessment of microhabitat
use by L. chiliensis was conducted. Finally, we did not
analyze the potential differences in microhabitat use
between plantation types because we did not assess the
availability of the different substrates.
Discussion
Different sampling techniques have different efficacies in
the detection of reptiles (Travis et al. 2002). The method
used by us is efficient for the study of lizards because of
their relatively easy detection when they move in
response to the advancement of the observer. However,
because of their more secretive behavior, the abundance
of snakes such as P. chamissonis is likely underestimated
by this technique. Our failure to detect the snake Tachy-
menis chilensis (Schlegel) is probably due to the same
effect, because, despite its general preference for wetter
sites (Donoso-Barros 1966), it has been previously
recorded in other pine plantations of the study region
(Escobar pers. comm.).
Because of the higher amount of shadow and foliage
cover under 2 m (height range most likely to affect obser-
ver's vision), mature pine plantations should present more
obstacles for reptile observation than younger stands.
However, in our study, detectability curves were similar in
both mature and new plantations. A potential explanation
for the latter is that, precisely because of the higher
Figure 4 Density of different lizard species in plantations of different ages.
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might actively seek spots with direct sunlight (Carothers
et al. 1998), making them more visible, and counteracting
the effects of vegetation density on detectability. In the
case of L. tenuis, its higher detectability compared to the
other species is likely related to its conspicuous coloration
and its climbing habits (Carothers et al. 1998). These
observations highlight the importance of including the
effects of detectability in the assessment of reptile popula-
tions (Mazerolle et al. 2007).
In the present study, we recorded four species of lizards
common to pine plantations in the Coastal Range of
Central Chile. There are other three species that have been
reported from this type of environment, but that are rarer inTable 3 Effects of vegetation attributes on reptile abundance
Young plantations
Model R2 p va
L. chiliensis - -
L. lemniscatus - -
L. schroederi UTOT(+)′ PINE (+)** 0.43 0.00
L. tenuis - -
Richness PINE(+)** 0.14 0.0
(+) Positive relationship among dependent variable and independent(s) variable(s).
(−) Negative relationship among dependent variable and independent(s) variable(s)Central Chile. Liolaemus cyanogaster (Duméril and Bibron)
has been observed in P. radiata plantations in Tregualemu
(Mella 2005; Rubio and Simonetti 2011), particularly in the
vicinity of native forests (Mella 2005). The arboreal lizard
Pristidactylus torquatus (Philippi) has also been recorded in
pine plantations (Méndez et al. 2005), although the northern
limit of its coastal distribution practically coincides with the
southern limit of our study region. A similar situation exists
for Liolaemus pictus (Duméril and Bibron), whose coastal
distribution runs from the Bío Bío river to the South
(Ortiz and Ibarra-Vidal 2005).
In contrast to the results obtained by Rubio and Simonetti
(2011) who only found one lizard species (L. tenuis) in the
mature plantations, in our study, we recorded all four speciesand richness
Adult plantations
lue Model R2 p value
- - -
- UTOT(−)*** 0.53 <0.0001
02 UTOT(+)* EXOT(−)** 0.29 0.01
- - - -
2 EXOT(−)*** 0.31 0.0003
. ′p < 0.1; *p < 0.05; **p < 0.01; ***p < 0.001. For codes see Methods.
Figure 5 Proportion of recordings in different substrates for L. lemniscatus, L. schroederi, and L. tenuis in young (A) and mature
plantations (B).
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there were clear changes in the abundances of these species
with plantation age (Figure 4), with the only exception being
the arboreal lizard L. tenuis (Carothers et al. 1998; Rubio and
Simonetti 2011), whose abundance was relatively the same in
plantations of all ages. Both L. lemniscatus and L. chiliensis
reduced significantly their abundances in mature plantations,
in accordance to their preference for open habitats
(Donoso-Barros 1966, Jaksic et al. 1980, Carothers et al. 1998).
L. schroederi, a species normally associated to shrubland
(Jaksic et al. 1980), significantly increased its abundance in
the 4- to 5-year plantations compared to the 1- to 2-year
stands. This is probably due to the fact that 1- to 2-year
plantations have a poorly developed shrubby layer. This
pattern is also supported by the positive association of the
species' abundance and pine foliage volume in young
plantations, likely because young pines resemble shrubs.
The lack of light and heat reaching the forest floor
affects negatively ground-dwelling reptile species (Amo
et al. 2006; Todd et al. 2008), which would explain the
negative effect of the understory on the abundance of L.
lemniscatus. We do not have a clear explanation for the
negative effect of the exotic foliage volume on the abun-
dance of L. schroederi and species richness, but it might
be related to a potential effect on the availability of food
(e.g., fewer insects), among other mechanisms.
Our data indicate that, in young plantations, the
changes in the vegetation and its role as habitat for rep-
tiles may occur at a very fast pace. Contrary to our results,
Rubio and Simonetti (2011) found a lower density of L.
lemniscatus in young plantations that in mature stands.
However, this might be explained by the fact that areas
studied by these authors had been harvested during the
previous year and probably had not had the time to
develop adequate herbaceous and shrubby layers.
The use of different substrates by lizards in pine plan-
tations followed the same pattern reported for natural
ecosystems, with L. lemniscatus associated to the groundand the herbaceous layer (Donoso-Barros 1966; Carothers
et al. 1998), L. schroederi using the shrubs (and harvest
debris) (Jaksic et al. 1980) and L. tenuis with a higher use
of trees (Carothers et al. 1998), although in absolute num-
bers, it used more the shrubs and harvest debris.
The lack of differences in the proportion of juveniles
and adults among young and mature stands suggests
that both types of plantation might play a similar role in
the population dynamics of the different species. However,
without information on the movement of individuals
between plantations of different ages, a more complex
dynamics (e.g., source-sink, etc.) cannot be ruled out.
Our results show how the development of pine planta-
tions significantly influences the abundance of the different
reptile species. In addition to the obvious requirements of
food and refuges, for ectotherms, a crucial factor is the
amount of sunlight that enters the ecosystem. Besides
affecting the development of the understory, the lack of
pruning and thinning reduces the incidence of solar
radiation in the plantation floor (Eguiguren 1995) making
it cooler. On the contrary, even in natural forests, thinning
has been shown to significantly increase the density of
reptiles (Todd et al. 2008).
Plantations of fast-growing tree species such as the
Monterey pine are usually harvested through clear-
cutting. This means that, at the end of the rotation
(approximately 20 years in Central Chile), large areas of
mature plantations are cleared up producing two types of
potential impacts on reptile populations. First, there is the
evident change in the biophysical characteristics of the site
that may reduce or increase its value as habitat for different
species, as was shown in our study. Second, the felling of
thousands of trees and the movement of heavy machinery
constitute a potentially important mortality source, particu-
larly for the less mobile species. However, the only study on
the subject that we are aware of reported a relatively low
mortality (<2%) of timber rattlesnakes (Crotalus horridus)
associated to forest logging operations in the United States
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of individuals to find refuge in burrows might play an
important role in their survival during this stage.
Site preparation techniques might also affect the diversity
and abundance of reptiles in pine plantations. For example,
leaving harvest debris in the site should favor species such
as L. schroederi and L. tenuis, whereas their extraction (an
increasingly common practice motivated by the demand
for biofuels) could probably harm them. Likewise, the use
of herbicides or fire as management tools can have negative
effects on reptiles and other vertebrates (Enge and Marion
1986; Hartley 2002; Todd et al. 2008).
Although the ultimate goal of forest plantations is the
production of timber and fiber, there is an increasing
evidence that they may play an important role in the
conservation of biodiversity because they host large
numbers of native plants and animals, particularly when
they are managed through schemes that are known to
favor wildlife (Hartley 2002; Lindenmayer and Hobbs
2004; Simonetti et al. 2012). In fact, in the present study,
the densities of some of the recorded lizard species suggest
that pine plantations in Central Chile have a significant im-
pact on their regional demographics, with, literally, millions
of individuals living in these artificial forests.
Conclusions
This study confirms the role of pine plantations as habi-
tat for an important proportion of reptile species in
South Central Chile. Not only these artificial forests are
inhabited by several species but some of them, such as
the lizard L. lemniscatus, can reach very high densities,
with up to 160 ind*ha−1 in new stands. Different lizard
species respond differently to plantation development,
with open-habitat species, such as L. lemniscatus and
L. chiliensis decreasing their abundances as plantations
age, whereas L. schroederi, a scrubland species, reaches its
maximum densities in mid-aged to mature plantations.
This knowledge can be used to enhance the contribution
of pine plantations to biodiversity conservation in Chile.
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